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Abstract 
      This work presents the bioclimate maps of Jalisco, as a result of the analysis of its climatic information as well as the 
climatological standard normal data reported in different localities of the state.  Higrotermic comfort conditions for humans were also 
analyzed based on the previously mentioned information. The definition of thermal comfort was based on Auliciems’ equation (1990). 
As for the analysis of temperatures and relative humidity, Olgyay’s Bioclimatic chart was adapted to the conditions of the various 
localities of the state. The maps were elaborated with Arc GIS program, and based on the bioclimate study made and presented in the 
requiring diagrams of air-conditioning. In those diagrams, the conditions of comfort, cool and warm were identified, in order to monthly 
elaborate maps. After the analysis, It was determined that the problem in the state is warm for most of the year. Reading of maps will 
permit designers, town planners, architects, mechanicals engineers, and etcetera, to identify the bioclimatic strategies needed to obtain 
urban planning and architectural results, as well as the use of eco-tecnologies featuring low environmental impact and energy 
optimization. 
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Introduction 
 
Architecture, since its origins, has sheltered and protected its inhabitants. Early man utilized reachable elements of 
nature to protect himself from adverse climate agents. In other words, he started to raise consciousness about weather 
effects and looked for the way to take advantage of his available resources, through trial and error method.  
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He started dwelling caves and he developed a gradual capacity of modifying his environment. He also learned 
construction techniques which allowed him to establish himself in places with adverse climatic conditions. 
Buildings, as well as other bodies, are subject to natural thermal phenomena, due to the gained or lost heat by 
convection, conduction or radiation, through walls, floors, roofs, and clear areas (usually windows). Furthermore, any 
construction located in a specific climatic environment, will have a particular orientation and will be built with several 
particular thermal featured materials.  
Bioclimatic design is an option which impacts directly on inhabitant’s comfort and economy, since it allows the use of 
strategies that help reducing the gain of heat and the use of unnecessary electric power for air conditioning. 
This article pretends to analyze the existing climate, knowing beforehand that a large part of the territory (according to 
Köppen climate classification and its adaptation to our country made by Enriqueta García) [1], has a substantial percentage 
of warm-climate localities. Nevertheless, the study of bioclimate is necessary to determine the seasonal characteristics of 
comfort, warm or cool perceived by the human body. This information was prepared in order to be useful for designers, 
who can take this information as a support to achieve urban planning and architectural designs, according to bioclimatic 
necessities of the region where such projects focus on.  
Major projects of different kinds are built in different poles of the state as well as main development centers, 
demanding huge quantities of energy to cool equipment. This could be reduced by using a fitting design, which considers 
the climatic characteristics of environment. The importance of the bioclimate study has gradually been recognized. This 
works pretends to give helpful information to obtain better results in designs. 
 
Nomenclature 
Tn neutrality  temperature 
Tma  corresponding month average temperature 
Glossary 
 
Climate 
          Series of interactions between mass and energy processes presented in the atmosphere and related to the latitude of 
the place for pretended analysis. There are four main factors: temperature, humidity, wind and radiation. 
Bioclimate 
     The bioclimate of a specific place can be known by associating the different meteorological elements affecting the 
sensation of physiological well-being of human being (previously mentioned above.) 
Thermal comfort 
     Condition of the mind that expresses satisfaction related to the thermal environment characteristics, and assessed by 
subjective evaluation. 
Air-conditioning 
     Physiological adaptation to whether heat or cold obtained over the time. That adaptation affects basal metabolism, 
which is the minimum metabolism required to maintain the normal operation of human body. 
1.Antecedents 
 
     Bioclimate Atlas of Jalisco pretends to give information of a major quantity of localities in the state, since the 
Bioclimate Atlas of Mexico [2], considers a minor quantity of them, although it considers the different bioclimates 
presented. Nevertheless, it will provide support to professionals interested in bioclimate knowledge of the state, for its use 
in the corresponding profession. 
1.1. Bioclimatic information 
     The information registered in the different climatological stations of the state of Jalisco [3] functions as the bases to 
obtain, through several interrelated tools and methods, useful information for bioclimatic designs, since they reflect very 
specific characteristics of each locality. This is, among other concepts, the mentioned data: 
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x Temperature: monthly means of maximum and minimum  
x Precipitation 
x Evaporation 
x Rain days 
x Fog 
x Hail 
x Electric storm 
2. Determination of thermal conditions 
 
     The next process was carried out, in order to determine the conditions of cool, comfort and warm: 
x From climatological standard normal given for each analyzed locality, there were obtained: monthly maximum, 
monthly minimum and mean. Hourly temperature data was obtained with Mardia program. (Table 1) [4] 
x Relative Humidity Mean data was obtained out of the mentioned normals; then, it was simulated in an Excel sheet 
[5]. After that, Hourly Humidity Mean for each month was obtained. (Table 2). 
 
Table. 1. Monthly Hourly Temperatures for Guadalajara 
 
Hour/ Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 a.m. 9.7 9.9 11.6 13.8 17.0 18.1 17.4 18.2 17.2 14.4 11.7 10.3
1 8.6 8.7 10.4 12.6 15.9 17.2 16.6 17.5 16.4 13.4 10.7 9.2
2 7.7 7.7 9.3 11.5 14.9 16.4 16.0 17.0 15.8 12.7 9.8 8.4
3 7.0 6.8 8.4 10.6 14.1 15.7 15.4 16.5 15.3 12.0 9.1 7.6
4 6.3 6.1 7.6 9.9 13.4 15.1 15.0 16.1 14.8 11.5 8.5 7.0
5 5.8 5.5 7.0 9.3 12.9 14.7 14.6 15.8 14.5 11.1 8.0 6.5
6 5.4 5.1 6.6 8.8 12.5 14.3 14.3 15.5 14.2 10.7 7.6 6.1
7 4.1 3.7 5.1 7.4 11.2 13.2 13.4 14.7 13.3 9.7 6.4 4.9
8 7.3 7.2 8.8 11.0 14.5 16.0 15.7 16.7 15.5 12.3 9.4 8.0
9 12.4 12.9 14.8 16.9 19.8 20.5 19.3 19.9 19.0 16.6 14.2 12.9
10 17.7 18.7 20.9 22.9 25.3 25.1 23.0 23.2 22.6 21.0 19.1 17.9
11 22.0 23.5 25.9 27.8 29.8 28.9 26.0 25.9 25.5 24.6 23.2 22.0
12 p.m. 24.9 26.7 29.3 31.1 32.8 31.5 28.1 27.7 27.5 27.0 25.9 24.7
13 26.3 28.3 30.9 32.8 34.3 32.7 29.1 28.6 28.5 28.1 27.2 26.1
14 26.5 28.5 31.1 32.9 34.5 32.9 29.2 28.7 28.6 28.3 27.4 26.3
15 25.7 27.6 30.2 32.0 33.6 32.2 28.6 28.2 28.1 27.6 26.6 25.5
16 24.2 25.9 28.5 30.4 32.1 30.9 27.6 27.3 27.1 26.4 25.2 24.1
17 22.3 23.9 26.3 28.2 30.1 29.2 26.3 26.1 25.8 24.8 23.5 22.3
18 20.2 21.6 23.9 25.8 28.0 27.4 24.8 24.8 24.4 23.1 21.5 20.3
19 18.1 19.2 21.4 23.4 25.8 25.5 23.3 23.5 22.9 21.4 19.6 18.3
20 16.1 17.0 19.1 21.1 23.7 23.8 21.9 22.2 21.5 19.7 17.7 16.4
21 14.2 14.9 16.9 18.9 21.7 22.1 20.6 21.0 20.2 18.1 15.9 14.6
22 12.5 13.0 14.9 17.0 19.9 20.6 19.4 20.0 19.1 16.7 14.3 13.0
23 11.0 11.3 13.1 15.3 18.4 19.3 18.3 19.0 18.1 15.4 12.9 11.5  
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Table. 2. Monthly Hourly Humidity for Guadalajara 
 
Hour/ Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 a.m. 60 54 52 51 57 63 69 76 70 59 56 59
1 62 56 54 53 59 65 71 78 72 60 58 61
2 64 58 55 54 61 67 72 80 73 62 60 63
3 66 60 57 55 62 68 73 81 75 63 61 64
4 67 61 58 56 63 69 74 82 76 64 63 66
5 68 62 59 57 64 70 75 83 76 65 63 67
6 69 63 59 60 66 71 77 86 80 66 64 68
7 72 64 60 56 60 65 71 80 76 67 67 70
8 66 57 51 47 50 55 62 71 68 60 61 65
9 55 47 41 38 40 45 52 60 58 51 51 55
10 44 37 32 29 32 37 44 52 49 42 42 44
11 34 29 25 23 26 32 39 46 43 35 34 35
12 p.m. 28 24 21 20 23 29 37 43 39 31 28 29
13 25 21 19 19 23 29 37 42 38 29 26 26
14 24 21 20 20 24 31 38 43 38 30 25 25
15 26 23 22 23 27 34 41 46 41 31 27 27
16 29 26 25 26 31 38 45 49 44 34 30 29
17 33 30 29 30 35 42 48 53 48 37 33 33
18 37 34 33 33 39 46 52 58 51 41 37 37
19 42 38 37 37 43 49 56 62 55 45 41 41
20 46 42 40 40 46 53 59 65 59 48 44 46
21 50 46 44 44 50 53 62 69 62 51 48 49
22 54 49 47 46 53 59 65 72 65 54 51 53
23 57 52 49 49 55 61 67 74 68 56 54 56  
 
x Monthly Neutrality Temperature or Comfort Zone Center was calculated by using Auliciems formula [6] and 
adding and reducing 2.5 °C. In January Tn= 22.3ºC. The comfort zone goes from 19.8ºC to 24.8ºC (Table 3 and 
Fig. 1). 
 
Tn= 17.6 + 0.31 (Tma) in °C            (1) 
 
Where:  
Tn = neutrality temperature month 
Tma= corresponding month average  temperature (taken from climatological normals.) 
  
Table 3. Neutrality Termperature and comfort zone for each month in Guadalajara 
 
   
+2.5°C Tn -2.5°C
Jan Tn= 17.6+0.31(15.3)=  22.3 24.8 22.3 19.8
Feb Tn= 17.6+0.31(16.7)=  22.7 25.2 22.7 20.2
Mar Tn= 17.6+0.31(18.6)= 23.3 25.8 23.3 20.8
Apr Tn= 17.6+0.31(20.8)= 24.0 26.5 24.0 21.5
May Tn= 17.6+0.31(22.9)= 24.6 27.1 24.6 22.1
Jun Tn= 17.6+0.31(23.4)= 24.8 27.3 24.8 22.3
Jul Tn= 17.6+0.31(21.8)= 24.3 26.8 24.3 21.8
Aug Tn= 17.6+0.31(21.7)= 24.3 26.8 24.3 21.8
Sep Tn= 17.6+0.31(21.3)= 24.2 26.7 24.2 21.7
Oct Tn= 17.6+0.31(19.9)= 23.7 26.2 23.7 21.2
Nov Tn= 17.6+0.31(17.6)= 23.0 25.5 23.0 20.5
Dec Tn= 17.6+0.31(15.9)= 22.5 25.0 22.5 20.0
Comfort zoneMonth Neutrality temperature
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Fig. 1.  Comfort zone for each month in Guadalajara 
  
x In Olgyay’s bioclimatic diagram [7], there were entered values of humidity in abscissa coordinate and 
temperature as ordinate. Relating hourly, corresponding temperature and humidity, placing in the chart the points 
for each corresponding hour.  
x The diagram marks the air-conditioning strategies for those points located out of the comfort zone, for them to 
reach it. These strategies may be: speed increase of air, humidity or radiation. It also defines the strategies for air-
conditioning that must rule the urban and architectonic design. 
x The Olgyay chart, modified by Arens, et al (1980) (Fig. 2), was metrically adapted since that diagram was 
designed for near latitudes 40°.  Temperature points and hourly humidity calculated are indicated by month.  
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Fig. 2 Olgyay Bioclimatic Chart for June in Guadalajara 
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The product of this process is the obtaining of requirements of Isopleths. (Fig. 3) Those products show the 
conditions of warm, comfort or cool by hour and month. These conditions were averaged out of the information of the 
diagram. The results are presented in the maps and comprise the Bioclimate Atlas of Jalisco, Mexico. 
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Fig. 3 Diagram of isopleths conditioning requirements for Guadalajara 
3. Bioclimate maps 
 
Maps are presented in this section (Fig. 4 to Fig. 9); they represent the periodic behavior for each seasonal period. For 
the interpretation of conditions we have: 
 
 
  Cool         Comfort    Warm 
 
Maps description 
     Spring: They almost entirely present conditions of warm, except by the areas of Tapalpa and Los Altos, where 
conditions of comfort are presented at the beginning of the season. 
     Summer: They present conditions of warm in all the state, during June; whereas July and August present conditions of 
comfort in some areas of the center and Los Altos. 
     Autumn: Various areas of the state begin presenting conditions of comfort. Towards the end of the season some 
municipalities, present conditions of cool. 
    Winter: Towards Central-South, and East there are some parts reporting conditions of comfort; whereas conditions of 
cool are presented towards Los Altos region and the Northern part of the state. The rest of the state presents conditions of 
warm. 
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Fig. 4 (a) Bioclimate average in January; (b) Bioclimate average in February 
 
                
 
Fig. 5 (a) Bioclimate average in March; (b) Bioclimate average in April 
 
                
 
Fig. 6 (a) Bioclimate average in May; (b) Bioclimate average in June 
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Fig. 7 (a) Bioclimate average in July; (b) Bioclimate average in August 
 
                
 
Fig. 8 (a) Bioclimate average in September; (b) Bioclimate average in October 
 
                
 
Fig. 9 (a) Bioclimate average in November; (b) Bioclimate average in December 
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Conclusions 
     Authors and collaborators of this Atlas, desire to be able to contribute in the knowledge of bioclimate of the state, and 
the given energetic resource to be able to design spaces or buildings in accordance to the environment where these will be 
built; and that they offer comfort, besides the exploitation of renewable energy. 
     Maps allow identifying conditions presented during a year long. From that, is possible to use criteria to permit designs 
offering comfort, taking advantage of the favorable environmental conditions and protecting from adverse conditions that 
affect the higrotermic comfort of the inhabitants of the state. 
     It is possible to obtain comfortable spaces and buildings, but is necessary to know the behavior these will have. Part of 
that information may be contemplated in this work. 
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